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(57) Abstract: 

PROBLEM TO BE SOLVED: To improve 
the luminous efficiency of a GaN compound 
semiconductor regardless of the 
presence/absence of dislocation. 

SOLUTION: The GaN compound 
semiconductor is constituted in a double 
heterostructure by successively laminating 
an n-type AIGaN layer 1 2, an undoped 
AIGaN layer 1 6, and a p-type AIGaN layer 
1 8 upon a substrate 1 0. At the time of 
forming the undoped AIGaN layer 1 6, Ga or 
Al droplets are formed on the n-type 
AIGaN layer 12. Since the droplets 14 exist 
on the layer 12. the percentage 
composition of Ga and Al in the undoped 
AIGaN layer 1 6 fluctuates and spatial 
fluctuations occur in band gaps. Because of 
the spatial fluctuations of the band gaps, 
the generation-recombination ratio 
between electrons and holes increases. 
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(57) [Stt] 

[»?9^I83 S«l 0±CCn^A 1 GaNIl 2, T 
>F-^AlGaN116, pSAlGaNfU^a 
HLT#:/;b^n«j6<tT£. 7>F-^AlGaN 
Jll 6^J5SrT^I^{C % nIAlGaN112(CGa* 
5C>ttA 1 O F D ? ^1/ ? H 4 6»ttf i. 
l/7H40ffittlCi*), 7>F-7 , AlGaN116 
*CDGa <b A 1 OfflJ^#S3bU ><> F¥+ * ?*tc£ 

rbw«> 6 ra^os. >o f*> v^coffiiaw* 6 arte 




[m?m i ] &m±icm%L<Dmtii y o &mt£®>* 

ztt &m i -r hmiti y v ±nut-&mm 

c mam 2 ] masitsn<D-^micis^x % 

{b# y •? AjMt^*m#<Dmis®i'i:Mtofiic&f&o> 
ffi§zmj&mmm$fttcTMmv±fcm&Mitrt y ^ a 

BU53^>K+> »^©£IBfl<«l>&*«. TlMfCttlBfi 
<btf y A^b^^ttOifflJ&imtfcii^^b 3 £ 

itulB^btf y A^b^^<*£J&gi* C <h«cj; 

k> Bfizs n c ± ?r#ia i r s mttf y -5 A^bi^a* 

^©Sili^&o 
[lf*JI4 ] f^JOS 1 IBtKcD^(c*5l,»-r . 

_Bc iiuIB^ t# 'J 9 A^b^)¥^f*5rfiSS 3t5Ci 
k: J; 9 £ ft S C <!: -f Z,mt±i ') V A^-fb^- 
^2«{*©tSi2T£. 

fltmefg^b^'^A^b-^^waA lGaNr*^ 
Buis^b*f t> ^mt&mmmmxA i g a nt* o . 

mJl3)l«S i N-C£>6C££#m<t-r£^b:*7y ^AJfi 

^^^©isBi^S. 

muzwimvmtJj y AUk^t^ftttfi^i^ 
mm&omitrtv ? A.mit-S'MmmmtA i g a ns 

O'GaN-C&fJ. flJlBte^H^Wf SJItiA 1 N. 
I nN. A 1 I nGaN, S i . MgN©4>&< 

-rti^-c* -5 c i 1 1 s mitJj y a jm b^* 

[0 00 1] 
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[0 00 2] 

!S©l65£I7W4<!:btAlGaN, AlGaN/Ga 
Nfi^#Fgyj®tS^ (MQW) mmnhhmZ. Cft 

-SlCjzK) 1 O'-l O'/cm'SgCili^StS. 
[0 00 3] 

10 IS7feWI5^) fc«>, fsfa®S^l§^:T6?I. — 
^©^#£J»#<ET t r 0 S ^ „ 
[0 004] 134 IC«. ^7fc§t^M#f4©A> F¥+ ^ 7' 

&tg£. F*> y7 - CDI^UiC5 Wa? 

20 /<> f¥+ v ycDm^-c^ci>mtm^(Dm^is 

<T'#. ^7fe^cD^Mb^}IJI*IJl/ffS. 
[ 0 0 0 5 ] XmaOEffJli. GaN^AlGaN^tt' 

[0 00 6] 

[isgi^^-r-s/c^o^is:] ±ie@#j=&;ij&-!r£fcso 
(c. ^BjcD^ift^w, s*±«:^o^{b*'y^A 
(GaN) mt-£®¥-m»*ffimTz>mit*?>jV£.mt 

30 ^%^i*(DSjJt^-C$)-oT, BMlBISSitCGaN^b 
-^^^©^^ < i 1 -^(C, F+> v y'CD&ffl 

;n'>F*> ^7Hc^Wt9)P,^=&?fML. ^*>F+' 
f ^Bii-C + r y T©H^?r^ C $ if 3 C i 

4>iSussr^a-r^ci*5M$Lu„ ma. <stt© 

«aE3Wl 0"~1 OVcm'T*^ 

[0 00 7] *%BJ© 1 -7©SI]|feffJfig-rtJ. >■<> F*> 
»^ yoffiWWU) Tttfe/ficiiriEG a N*<t^«J* 

/cT«fe@©±tCmJlBG a NJR<b^**HW**fiSfiS^ * 

G a N^b^©)^i* : &*©Titeli©±^),S-r 

50 aN3fiifc-^«J**(*©aJSStt£tt. m«A 1 GaN© 
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J*£fcttAl, Ga, VUD^-rtlftVihK). InGaN 
©JS^tCttl n, Ga, NOUm^t$>^> e SMfcfWlC 

*^©^flW>&tfOMH (**C»B*flt) £!S$S-f& 

[0 00 8] S/c, *«WOffe(OSa6Jg«rtt, F 
**©ffllBtt»&tftt, TifcJf MufBGaN^Hfc^ 

U IWSJisWJgJeEStiteTilUBOiecWEG a NSHb^ 
^»»*fiERS1*4Ct«:j:0}|5BESns. *ll5«5ffi 10 
IW«fkS*&Ji#T»Jifc»«Fr*t, GaWRfb 
A1M*(*t*©TilWIO±fc»fiW- 4BWC G a NJMb 

IBWi5>6fifaW*i;.*. IBJ5Sftl£«Stfi*^bS 

(2b«i»»nt) eMKr4c 
[0009] £/c, **9g<Dffe<DjiSfijKa8'r«, f 

«ria»*i®n5Esn/cTJtt»o±ccajfBG 20 

a N ^b^Bl*** *fi6* S**Ci«:J:»)JRl«Sti 
rT«WO±tc?gJiSS n-s G a NSf fc&^3K*©»ff 

c<omm<omt^^ 0 >o f*> ? ^fflnw^we < 

t<fclc&4. G a NM^ft^mia^Ffll 

jfrc*4w&*cw:, ^> f*> ? ^©ffinwi»6«fttw 

^£&4o 

[«?8©*i5©JBS» «T\ Bfflfc*^**^©** 
j«Wcoi»r«9!-r*. 30 

[ 0 0 1 0 ] a 1 tc«, *^^c#i,nw u a 

-Ctt, nSSA 1 v GA 1 . v N/7> F~:/A 1 .Ga^.N 
/p^A 1 ¥ G ai . ¥ N©3Ji^^7-DttM^ 

[0011] (a) cc5*3ft4J:9C£* v-yr a 

Tm<DWfc \ 0±tCnMA UGA^vNI 1 2* 1 0 5 
oarfiESS**. *(C % 8 0 0-1 0 5 OJgCDSJS-C 

MOCVDffitCit) nSSA UGa^NIl 2±tefa 1 40 
0-5 0 0 nmgOtfyHA Fo^i/s» h 1 4£8f£8i 
WfcJftiM-4. 

[0012]^LT, (B) fc5*3*i4J:5K:, Ga CD 
Fa^'U^h (ftiWi* 1 ; ^ACDtft/Jv^) 14#Jg 
JSJESfifcnSA UGa^.NHl 2±tc, 1 05 0«r 
r>F-^A l.Gat-.NJBl 6%«*3*S. t©£ 
Ga FD^l/? haWSfiE'TSWartt, T> F — 
:/A UGa^Nlil 6*©#«; *A©B*MiajWK< 
T> F-^A UGa^NIl 6©^> F*> ? 
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A K0 7 7'I/7 h 1 4(0??ftJcJ:9r>F-^A 1*G 

^>^T?«atfjCC7nS*xTl^4 B 7>F-7'AUGa 
X..NJB16B. WAtfO. 0 5/imfIJgC7)^§<!:T4 
c£**-c*4. C(DJ:9tt«JiRSEtt«, /OFft?^ 
©ffi«tt«>68f, rttto%^>F^i'»^©lE»%^C 
£#4„ ;0 Ff t ^C»^6f «Sti/c 
T> F-^A UGat-.NU 6*JiS«Sttfc», 10 
5 0g-CplA UGa^^lll 8 4^63^ 

i o eaiMT* t i feecsjOT6cj»xw»^^*«A"S- 

4C^TtT^Ci^r#4 0 

[0013] M±<D£*>lCLX&1&Ztltc#7Jl^?-V 
S»*«-7 : K:*BE«:EP»IUr»36S-&fciC4. Ga F 
o»^l/9 F 1 4*JB«*-TK:jSE*S*ft:«Hftco«*?ai 
Jtfctb-MSjl 0f»O«3iaafl[3&sf#€>n4C4*fflJHA« 

[0014] *SU6?BS8-C» Fa^U-;H4 

iLrGa^lUTti^ A 1 GaN©fflj3$»-C&4 
A 1 »4WiGa©l»rft*JBl»-rfeJ:l». h 

StRl OitcS-TCi-C, A 1 O Fp 7 7*1/7 F ij&f& 
■T4Ci^-e*4o 

[0015] H2CCK, ffic^*JB««C«4«ja*a3W 
4„ 

[0016] *r. (A) CC7nS*i4J:5fc: % S*l 0 
±CC 1 0 5 OgtniA I v Ga T . v Ni 1 2*J5SfiS# 
/tf£, nIAl ¥ Ga 1 . ¥ Nll 2(D»cSiN115 
*«tt»t«BJ55T4. SiNIl 5*«ttWCC»fiST4 
tcra, S i Nt*ffiCC»fiSL&a(C*CD--W*lft4'r4 
C£"C«J0SLTfcJ:< , *4l>ttS i N©flK*4#*-C* 

^fiRLTfeJ:^. SiNIl 5 WBl&Z tittSMSLlt^ X 
*SP, SiNgl StfiB^tiX^tji^mtlSMtrj: 
4 0 

[00 17j;Xfc. (B) &ctj^*i4 S i Nl 

1 5«SWcnSA UGa^NIl 2±0CT> F 
^AlGaN116SffifiS«. CcD<b#, f&^i 
S i NH 1 SmM$ftXl>txi>}gg{lfrt>&C, -PWX 
SiNIl 5±Cc4>j0cfiLr^< o S i NH 1 5 JbTJSfc 
fi-$-4»£*Ctt* Gali^iAl JDRTCDS i N±TO*t 
ttfi3Wa«c4&*. »fiPi^X^SBrr> F-T/A 1 , 
Ga^.NJBl 6^CCfc^4A 1 iGa(Oa/$^SftS 
C<h{C&4. M»MCC«, S i N±r«A 1 teGaiat 
^T*S0«6^r@l*CcBC0ii*n43t^, 3SSB(C*$l^ 
T«A I fflfifctf/hS < tt4. A 1 ffl^E^/jNg < &4i^ 
>F¥t7 7'tti< (/h3<) «c43Cp6. T>F-7'A 
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<b«C&4. F*> s> ^«c2PJfta«>6fif*J 
JBSSSti«:T> K-^A 1 .Ga^.NJBl 6 4j3E4S# 
fc«. 1 v G ai _ v NJIl 8«rffifiS*, #:/;U^ 

[0018] *JGN0BflUC:bl>? fc % iste«£W±K:g: 

[ooi9] h3«:b, $ ^cmomtmj&^m^m^ 

Jffi^SMl^. 2BHfi»«rtt, A 1 GaN/G 10 
aN®«^#pSSBBHF- (MQW) l/T 

[0 0 2 0 ]Si (H^T) ±(CA !GaNI20^ 
TBfSU ^icGaNJ12 2*^-TSo £TF\ H«(cb 
tn fcfv* (n«WiL«2 Oit^CiOT^S) 
XU att^tafci-T*. SI©JI3(il-10 0n 
m. mtf5nmggitSCi*Jt*5. ■? Lt, A 

lGaNJB2 0±k:GaNB2 2**J5tr4l«k:, ^S^- 
^«-&©J:t«W^C*ttt«*. JlttttKlUA IN, In 
N, A 1 I n G a N, Si, MsN^cDJi (ttT-^HE* 20 

1 GaNI2 0±^GaNH2 2^Mt^ B ^Jl&tf 
JI2 1« % ±^L/cg|J6»a8tEiaicMOCVDffi'CJB 

<D^ft<DlH5#T*GaNJf 2 2<DJ*3jWfc©«#<fcS&£ 
C <b let* 9) % m comz fc £ <t M^HIteS-? 

<fi J fi8{43&^PJM«2:^frS3fcfe, ;0 F*> * 
ffiraflttc^fc^Cilctt*. 12 1 «t+»^?bk-cjbrs; 
U /<> F*> t>^OffilB»i9)6>«f©aa%<5ffl«tt« 30 

[0 02 1 ] *BStBBHA«. 0 3 CtSSft/cfite^-flliS 
O&ltm* (H2 1 ib-CA 1 NSrttffl) (C«BE*BHjn 
lTS*^/c^ 112 Ifc^JSUtt^fc^CCJt^-C 
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: [0 0 2 2] «±. ^M^JfcJKSCCO^rttWUte 
02Ct*H>TA 1 GaNffllSBftcDlltlfcfii^tS^Sfli 

iurs i N-ctt*<fficDtm, mas i 0 2 *JBI> 

[0 0 2 3 ] *fc. H3tC*5liT«A lGaN120± 
tCtS-¥-^S^B2 1 *JgJjfct/tl>S# % GaN@22± 
Ktt-?qRBA»2 1 *Jft«U AlGaN1200/O 

f*> ? ^cspawKDetF^jBflsr * ci^rt^ 

[0 024] H3CC*5l^-CBA 1 GaN/G a 

•T^Cifctt^ WAtf. A 1 GaN/A 1 N/Ga 

NrMQw^*j^s£rsci*sj5FJi"c*4. com 

^ v ALGaNiA 1 NiCOW®, RO'A 1 N <h G a N 
[0 02 5] 

<d^* > k ? ^©^pflK)«) e> * isatcjgfisr set 

[HiBOBWttttBIl] 

[0 1 ] SQWgjs©«a*ffi*^-r«?8ia-c*-5. 



[02] 

So 

[03] 
[04] 

10 SIR, 12 nIA 1 vGa^Ni, 14 Ga 
YUv7l>vY* 15SiNI, 16 TyF-7'Al 
xGaa.xNH. 18 pSAlGaNI. 2 1 
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-20 
-22 
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Eg 



b - 
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mm 2 0 0 1 - 3 4 5 4 7 8 



[HI 1 



[02] 



(A) 




(A) 




(B) 




(B) 




:7P> h-^— zs(D$b% 

4G077 AA03 BE11 BE15 DB08 EF01 

5F041 AA03 CA04 CA05 CA33 CA34 
CA40 CA46 CA65 CA73 

5F045 AA04 AB02 AB09 AB14 AB17 
AB18 AC01 AC08 AC12 AD12 
AD13 AD14 AF09 BB16 CA09 
DA53 DA54 DAS 5 DA63 DB02 

5F073 AA74 CA02 CA07 CB05 CA05 



